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Vé the unexpected discoveries and gigantic works which 
have been realized during the past half century had not fa- 
miliarized us with the marvelous, wo should consider the 
accomplishinent of ocean telegraphy to he the eighth wonder 
of the world: a wonder, on account of tho almost supernatu- 
rel results which it furnishes, the numerous difficulties which 
it has encountered, the physical results which it has pro- 
duced: and even a wonder on account of the enormous amount 
of money which has been expended in its development. In 
discussing the extent of this marvelous system of interna. 
tional communications, it seems proper to consider to whom 
is due the credit of taking tho first steps toward its accom. 
plishment. Up to 1947, no substance suitablo for tho ingula- 
tion of a submarine wire was known, Daring that year, Mr. 
fobn J. Craven obtained and experimented with some gutta 
percha, and discoyered iis insulating qualities and its adapta- 
bility to subaqueous communication. The Trenton, N. J., 
State Gazette, for May 10, 1848, contains the following para- 
graph: *‘ Gutta percha is now used for insulating telographic 
wires, Mr. Craven has tried it for the old New York and 
Philadelphia line in tho Passaic river, and has been go suc- 
cessful that the company intend to try to cross from Jersoy 
City to New York by laying several wires, thus insulated, 
under the water.” The Now York 7'ribune of Jano 17, 1848, 
contains the following paragraph: ‘‘ The wires of the New 
York and Philadelphia Telegraph have been extended across 
the Hudson from Jersey City, and aro now in successful com- 
munication with that place. They are encased in a double 
covering of gutta percha, and laid on the bottom of the river 
in the track of tho ferry boats.” 

Tu 1846, Mr. James Roynolds, of New York, invented a ma- 
chine for covering wire with india rabber, and during the 
year 1847 covered a large ainount of wire with this substance; 
but in consequence of the difilculty of drying it (vulcaniza- 
tion uf rubber being then unknown), it proved a faflure. 
Early in the spring of 1848, Mr. Craven brought a piece of 
wire covered with gutta porcha to Mr. Reynolds, and asked 
if he could cover wire with gutta percha with his machine. 
Mr. Reynolds undertook to do #0, and immediately proceeded 
to manufacture gutta percha covered wire. He covered the 
cable which’ was laid across the Hudson river between Now 
York and Jersoy City, which twas the first gutta percha cable 
eccr made, and the first submarine wire ever constructed and 
sueccassully operated for the transmission of intelligence over a 
distance of half a mile. 

One of Mr. Reynolds’ workmen, named Champlin, shortly 
after this cavlo was laid, went to England and communicated 
the process to the Gutta Percha Company, who at once com- 
meuced the manufacture of gutta percha covered wire. 

On the 16th of Deceinber, 1850, Mr. Charles Vincent Walker, 
anu experienced telegraph enginecr, testified before the joint 
comunittee, appointed by the British Government to inquire 
into the construction of submarine telegraph cables, as fol- 
lows: “I was the first to use gutta percha in England. 1 ad- 
vised Mr. Foster, of Streatham, to apply it in our very early 
difficulties in telegraphiug. We purchased and uscd tho first 
wire covered with gatta percha, on November 11, 1848.” 

The first submarine cable ever Inid in the open sca was laid 
betweea Dover and Calais, in 1850. It was a single strand of 
gutta percha, unprotected by any outside coating, and worked 
only one day. The noxt cable was «so laid between Dover 
aca Calais, in 1851. This cable contained four conducting 
wires, was 27 miles in Jength, and weighed 6 tuns per mile. 
This cable is still working, after having been down 23 ycars. 
The next long cable was laid in 1858, between Dover and 
Ostend, a distance of 80 miles, and contained six conducting 
wires, und weighed 5% tuns per mile. It is still in working 
order, It 1853 a cable of one condneting wire was laid be- 
tween England and Holland, 120 miles, weighing 14 tuns per 
nile. This cable worked for 12 years. From 1888 to 1853, 
37 cables were laid down, having a total length of 3,700 
miles: of which 16 are still working, 13 -vorked for periods 
verying from a week to five years, and tho remaining 8 were 
total fallures. 

On the 6th of August, 1858, the firat Atlantic cable was 
laid between Ireland and Newfoundland. Tho weight of this 
cable was 1 tun pet mile, and its cost was as follows: Price 
of deep sea wire per mile, $200; price of spun yarn and iron 
wire per milty $265; price of oatsido tar per mile, $20. ‘Total 
per mile, $435. Price, as above, for 2,600 miles, $1,212,500; 
price of 25 miles shore end at $1,450 per mile, $36,250. Total 
cost, $1,249,238. This cablo worked from August 10 to Sep- 
tember 1, during which time 120 messages were sent from 
Valeatia to Newfoundland, and 271 from Newfoundland to 
Valentia. The failure of the cable was mainly duc to care- 
lessneas in the m-anufactare and subsequent handling. When 
the cable was in process of manafacture, it was coiled in four 
Jerge vate, and left exposed day after day to the heat of a 
summer san. As inight have been foreseen, the gutta pércha 
was melted, and the conducier which it was desired to 
insulate was sc twisted by the coils that it was left quite bare 
in numberless places, thus weakening and eventually, when 
the cable was submerged, destroying tho insulation. The 
injury was partially discovered before the cablo was taken 
out of the factory, and a length of about thirty miles was 
eut out and condemned. This, however, did not wholly 
remedy the difficulty, for tho defective insulation became fre- 
quently and painfally apparent while the cable was being 
submerged. Still farther evidence of its condition was offered 

when it came to be cut up for charms and trinkets. 


Tho next loag cable which was Iaid was from Suez to|may be charged like a Leyden jar. The wiro is the innor: 
India, a distance of 2,500 miles in 1850. This cable was laid coating, the alr or gutta percha the dielectric, and the earth 
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in five sections, which worked from six to nine months each* 
but was never in working order from end to end. 

Tho total length of all the cables which have been laid is 
about 70,C00 miles, of which over 50,000 miles are now in 
successful operation. ‘The 20,000 miles of cables which have 
thus far failed represent 68 in number. Up to 1865, nono of 
them had beon tested under water aftor manufacture, and 
evory one of them was covered with a sheathing of light iron 
wire, welghing in the average only about 1,500 pounds per 
mile, These two peculiarities are sufficient to account for 
every failure which hag occurred, No olectrical test will 
show the presence of flaws in tho insulating cover of a wire, 
unless water or some other conductor enters the flaw and 
establishes an electrical connectlon between the outside and 
inside of the cable; and all cables laid in shallow water should 
have an armor weighing not less than five tuna por mile. 

Tho core of long submarino cables generally consists of 
several wires of pure copper covered with altornate layors of 
gutta percha and Chatterton’s compound, the latter consisting 
of gutta percha, resin, and Stockholm tar. Over this is 
placed a layor of tarred yarn, and tho wholo is finally included 
i: a sheathing of iron wire laid on spirally, to givo tho cablo 
sufficient strength to withstand the strain of paying out, or 
that to which it may bo subjected by the inequalities of 
the ocean bed. Not infrequently the fron wiro of the sheath- 


ing is also protected from corrosion by tarred hemp. Figs. 1 
Fig. 1. 


and 2 show the construction of the Malta 
and Alexandria cable, The different 
layers are so far peeled off as to show 
the construction. The strand of seven 
coppor wires is shown at the top; then 
follow three layers of gutta percha and 
one of tarred yarn, the whole enveloped 
in the eighteen wires constituting the 
sheathing. The diameter out in the sea 
is 0°85 of an inch. Near the shore the 
sheathing is mado stronger, to mect the 
danger of accident from the dragging of 
anchors, 

Including tho original 1858 cable, five 
cables have been laid down between Ire- 
land and Newfoundland, of which only 
threo are now in working order, ‘These 
three were laid in 1866, 1878, and 1874. 
The cablo of 1865 of a similar type as 
the abovo has not been working for over 
two years, 


Fig. 2. 





The following are the details of 
construction of the last four Ireland 
and Newfoundland cables. Fig. 8 
shows the section, and Fig. 4 the ex- 
ternal appearance and construction, 
of the 1865 cable in the full size, 14 
inch in diameter. Fig. 5 shows the 
shore end in section. The construction 
of the 1865 cable is the same as that 
of all tho subsequent ones, with one 
or two non-essential differences. 

The conductor of this cable con- 
sista of a copper atrand of seven 
wires, six laid round one, and weigh- 
ing 800 pounds per nautical mile, 
imbedded, for solidity, in Chatter. 
ton’s compound. Gage of single 
wire, 0°048 of an inch; gage of strand, 
0°144. 

The insulation of cach cable con- 
sists of four layers of gutta percha, 
laid on alternately with four thin 
layers of Chatterton’s compound. 
The diameter of core (conductor and 
insulation) is 0°464 of an inch. 

Its oxternnl protection consists of 
ton steel wires, 0005 of an inch in di- 
amcter, each wire surrounded sepa- 
rately with five strands of tarred 

“manilla hemp, and the whole laid 
spirally round tho core, which latter is padded with tarred jute 
yarn, The weight in alr is 85 cwt. 8 qra. per nautical milo; 
weight in water, 14 cw.. per nautical mile, Any of tio cables 
would bear eleven knots of itself in water without breaking. 

When a telegraph wire ata distant station is disconnected 

from the ground and placed in consection with one of the 
poles of a battery,the other pole of which {s to earth, a charge 
flows into the wire at the instant in which the connection is 
made and, if the insulation of the line is perfect, almost 
instantly ceases. The needle of the galvanometer makes a 
sudden deflection, and then returns to its position of rest. If. 
the battery is cut off and the line, at the same moment, put 
to earth, tho needle deflects momentarily in tho opposite 
way, and the charge given tothe wire returns and goes to 
earth: Inland lines, this return charge is very slight except: 
upor very long. lines, but in submarine cables it is very 
marked. This return charge shows that a tclograph wire 








coating. The statical charge of which « 





or sea the outer 


line of telegraph is then capable shows that the electric force 
tends to propagate itself not only longitudinally but later. 


Fig. 5. 





ally. Tho effect of lateral induction is to retard the time of 
delivory of a signal and to prolong it, so that, although it is 
a momentary signal at starting, it becomes a prolonged sig- 
nal at ita destination, The mere slowing of the signal would 
not matter much, provided it wag delivored at its destination 
asvent; butitis not. Each signal at the receiving station 
takes a longer time to leave the line than it did to enter it, 
Hence, in a cable, if the sender transmit‘ed at the samo rate 
and with the same apparatus that he does {n land Ines, the 
signals would run into each other at the recciving station, 
and be indistinguishable. Time must bo given to allow each 
signal to ooze out of the cable before another {s sent. Re 
tardation increases with the square of the length of the line, 
The maximum speed of signaling through 2,000 miles of the 
Atlantic telegraph of 1858 was two and a half words a min- 
ute. The copper core had a conducting power somowhat 
higher than a No. 4iron wire If the ratio of the thickness 
of the core to that of the insulating coating be kept the same, 
the number of words that can be sent varies as the amount 
of material employed, or as the square of the diameter of the 
cable. Thus, if a cable be of the samo make and of equal 
length as another, but twice as thick, four times ay many 
words may be sent by it. 

The conductor of the Atlantic cable of 1858 consisted of a 
strand of seven copper wires of No. 22} gago, weighing 08 
pounds per mile, while those of 1865, 1866, 1878, and 1874 
have each 800 pounds per mile. The highest rate of speed 
obtained through the 1858 cable waa 24 words per minuto, 
while through the 1865, 1866, 1873, and 1874 cables they have 
obtained a speed of 17 words per minute in regular working, 
and of 24 words per minute upon an experimental test. 
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